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(57) Abstract: Subject of the present 
invention arc crystalline teitiaiy amine salts of 
2-(2-aininothiazole-4yl)-2-(acyIoxyimino)aceiic 
acid compounds of formula (1) wherein Ri, Ri 
and R3 independently represents unsubstituted 
or substituted alkyl, cycloalkyi or aiyl, and 
(I) R4 denotes acyl, which may be obtained in 

anhydrous foim Crystalline compounds of 
formula 1 are useful in a reaction step witli an 
activating agent in order to produce cefdinir. 
Additionally, a process to prepare compounds 
of foimula I is a part of the present invention. 
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TERTIARY AMINE SALTS OF 2^ (2-AMINOraiA20LE-4-YL> -2- (ACYLOXYXMINO) ACETIC ACID 

The present invention relates to tertiary amine salts of 2-{2-aminothiazole-4-yO-2- 
(acyloxyimino)acetic acid in crystalline form and a process for their preparation as well as a 
process for the preparation of cefdinir wherein such tertiary amine salts are used. 

5 

It is known e.g. from ES 2 013 828 that a 2-(2»aminothlazole-4-yO-2-(acyloxyimjno)acetic 
acid compounds, e.g. syn-2-(2-aminothiazol-4-yl)-2-(acetoxyimtno)-acetic acid and its 
derivatives, may be used as an intermediate compound in the production of cefdinir, which is 
(6/?y/?)-7-[[(2Z)-(2-Amino-44hiazolyl)(hydroxyimino)acetyOamino]-3^^^ 
10 azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid. Usually, a process for the production of cefdinir 
includes a reaction step wherein a 2-(2-aminothiazole-4-yl)-2-(acyloxyimino)acetic acid 
compound is converted Into an activated form thereof such as a 

mercaptobenzothiazolylester, a mixed acid anhydride, an acid halide or another conventional 
activated form by a reaction with an activating agent. Any crystal water of 2-(2- 

15 aminothiazole-4-yl)-2-(acyIoxyimino)acetlc acid also reacts with the activating agent and 
typically causes decreased yields in the activation step or/and the necessity of significantly 
increased amounts of activating agent, e.g. halogenation agent such as phosphorous 
pentachloride (see ES 2 013 828), Therefore, It Is highly desirable to use anhydrous 
derivatives of a 2-(2-aminothlazole-4-yl)-2-(acyloxylmlno)acetlc acid compound for an 

20 activation reaction. 

However, 2-(2-aminothiazole-4"yl)-2-(acyloxyimino)acetic acid compounds, for instance syn- 
2-(2-aminothiazol-4-yl)-2-(acetoxyimino)-acetic add, are typically prepared from e.g. syn-2- 
{2-aminothiazol-4-yl)-2-(hydroxyimino)-acetic acid by reaction with alkanoic carboxylic acid 
anhydrides such as acetic acid anhydride under aqueous conditions and are crystallised in a 
25 hydrated fonn, e.g. as mono- or dihydrates. Thus, there is a need for anhydrous derivatives 
of 2-(2-aminothiazole-4-yl)-2-(acyloxyimino)acetic acid compounds. 

The present invention is Intended to provide novel crystalline tertiary amine salts of 2-(2- 
amlnothiazole-4-yl)-2-(acyloxyimlno)acetic acid compounds which are useful in a reaction 
30 step with an activating agent in order to produce cefdinir. It has surprisingly been found now 
that crystalline tertiary amine salts of 2-(2-aminothlazole-4-yO-2-(acyloxylmlno)acetlc acid 
compounds may be obtained in an anhydrous fom. 



35 



In one aspect the present invention relates therefore to tertiary amine salts of 2-(2- 
aminothiazole-4-yl)-2-(acyloxyimlno)acelic add compounds of fomiula 
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in crystalline form, preferably in anhydrous form, wlnerein Ri, R2 and R3 independently 
5 represents unsubstituted or substituted alkyi, cyclo-allcyl or aryl, and R4 denotes acyl. 

In the meaning of Ri, R2 and R3 alkyl includes (CM2)alkyl such as (Ci^)alkyl, in particular (Ci. 
• 4)alkyli s-O- ©thy'i n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl or tert-butyl Aryl includes . 
(Ce.i2)aryl, e.g. phenyl or naphtyl, in particular phenyl. CycloalkyI includes {C3^)cycloalkyl. 
10 preferably Ca, C5 or Ce-cycloalkyI such as cyclohexyl. 

Any aikyi, cycloalkyi or aryl group of Ri, R2 and R3 may be unsubstituted or one to three 
times substituted, e.g. one times substituted by halogen or alky!. Aryl and cycloalkyi may be 
also one to five times substituted by alkyl, e.g. (Ci^)aikyl or halogen. 
15 In preferred embodiments of the invention Ri, R2 and R3 each denote n-butyl, ethyl, phenyl 
or n-octyL In another preferred embodiment Ri and R2 denote iso-propyl and R3 denotes 
ethyl. Particularly preferred are compounds wherein Ri, R2 and each denote n-butyl. 
R4 denotes acyl such as (Ci^)acyl, e.g. formyl, acetyl, propanoyi or butanoyl. In a preferred 
embodiment R4 denotes Cracyl, I.e. acetyl. 

20 

If not othenAdse stated herein, ac^l includes (Ci^)acyl, e.g. formyl, acetyl, propanoyi or 
butanoyl. preferably acetyl. 

An anhydrous form of a crystalline tertiary amine salt of fomnula I may contain less than 
25 1.0% (wAa^) of water, i.e. from about 0% to below 10% (wAv), e.g. from about 0.01% to about 
0.5% (w/w) such as from about 0.05% to about 0.2% (w/w) or even less than about 0.1% 
(w/w). 

Crystalline tertiary amine salts of formula I, e.g. in an anhydrous form, may be produced by 
30 contacting 2-(2-aminothiazoi-4-yl)-2-(methylcarbonyloxyimlno)-acetic acid dissolved or 
suspended in a solvent with an amine of formula 
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Wherein Ri, R2 and R3 are defined as In fomula I. For instance a liydrate of 2-(2- 
amlnotliiazol-4-yi)-2-(acyloxyimfno)-acetic acid, e.g. a monoliydrate, a dihydrate or a mixture 
5 thereof, Is dissolved or suspended in a solvent with an amine of fonnula II. Crystallisation of 
a tertiary amine salt of fomnuia I may occur upon stim'ng the solution or suspension. If 
desired, measures to Initiate crystallization as known in the art such as cooling, adding a 
counter-solvent, partly evaporation of solvent or friction of a glass stick on the surface of a 
glass vessel may be applied in order to accelerate and complete crystallization. 

10 

The amount of added amine of fomnuia II is not critical. An equimolar amount of a 2-(2- 
aminothia2ol-4-yl)-2-{acyloxyimino)-acetic acid compound dissolved or suspended in a 
solvent and of the amine of fomiula II may be used, whereby a slight molar excess of the 
amine of fonnula II, e.g. around 1.01 to around 1.50 molar equivalents of an amine of 
15 formula II per equivalent of 2-(2-aminothiazol-4-yl)-2-(acyloxyimino)-acetlc acid compound 
may be of advantage. A higher excess, for example about 1.5 to about 5 molar equivalents 
of an amine of formula II per equivalent of the 2-(2-aminothlazol-4-yl)-2- 
(acylcarbonyloxyimino)-acetic acid compound may also be used. 

20 The reaction temperature is not critical for the crystallization of a tertiary amine salt of 
fonnula I. Suitable reaction temperatures are from -30'C to 70"C, e.g. -20'C to SS^'C, 
particularty from -10*C to 25**C such as at ambient room temperature. Preferably, a salt of 
fonnula I Is crystallized under mild temperature conditions such as at or below ambient room 
temperature because that would result in a very mild and gentie dehydration process leading 

25 to high yields and very high purities of the cefdinir to be prepared from a tertiary amine salt 
of formula I. 

Suitable solvents for the crystallisation of a tertiary amine salt of formula I, e.g. in an 
anhydrous fomn, are solvents which may typically be used for crystallisation of amine salts of 
30 beta-lactam compounds. Suitable solvents may include ketones, e.g. (Ca«)-ketones, nitriles, 
such as (Ci^)-nitriles. etiiers, for example (C2.«)alkyl(C2^)alkylethers or tetrahydrofuran 
(THF), amides such as dimethylacetamide or dimethylfonnamide and chlorinated 
hydrocarbons such as methylenechloride.and mixtures of two or more of said solvents. 
Preferred solvents are acetone, THF and N.N-dimethylformamlde. 
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Counter-solvents which may optionally be added to facilitate crystallisation are liquids which, 
if added, decrease the solubility of a tertiary amine salts of formula I. Suitable counter- 
solvents are aliphatic, allcyclic or aromatic hydrocarbons such as {C5.i6)alkanes, 
(C5.io)cycloall<anes or benzene that may be unsubstituted or substituted by (Ci^)alkyl, e.g. 
toluene, xylene, mesitylene or carboxylic acid esters such as acetic acid-{Ci^)-alkyl esters, 
e.g. n-butylacetate or ethylacetate. 

The starting 2-{2-aminothlazol-4-yl).2-{acyloxyimino)-acetlc acid compounds, e.g. in the form 
of hydrates may be produced by known methods. 

In another aspect the present invention relates to a process for the production of cefdinir 
comprising the steps 

a. preparing a tertiary amine salt of fbnnula I in crystalline fonn. preferably in 
an anhydrous fbnn, as described above, 

b. reacting the crystalline amine salt obtained from step a. with an activating 
agent to obtain a 2-(2-aminothiazole-4-yl)-2-acyloxyimino acetic add 
compound in an activated fonri, 

c. reacting the activated 2-(2-aminothiazole-4-yl)-2"acyloxyimlno acetic acid 
compound obtained from step b. with a 7-amino-3-vinyl-3-cephem-4- 
carboxylic acid compound to obtain a 7-[2-(2-aminothlazole4-yl)-2- 
(acyloxyimino)-acetylamino]-3-vinyl-3-cephem-4-carboxylic acid compound, 
and 

d. splitling off the acyl-group at the imino group from a compound as obtained 
in step c. to obtain cefdinir. 

The preparation of a tertiary amine salt of fomnula I in step a., e.g. In anhydrous fonn, may 
be earned out as described above. Step b. may be candied out in analogy, e.g. according to 
methods known in the art, e.g. in analogy to a process as described in WO 2004/016623. An 
activated fomi includes a mercaptobenzolhiazolylester, a mixed acid anhydride, an acid 
halide such as an add chloride or other conventional activated fomris. Examples of activating 
agents are bis-(benzothiazol-2"yl)-dlsulphide/triettiylphosphite, bis^benzothia2ol-2-yl)-di- 
sulphide/triphenylphosphine, phosphorous pentachloride, pivaloyi chloride/triethylamine etc. 
Step c. may be carried out in analogy, e.g. according to known methods. 
Step d. may be effected In analogy to, e.g. according to mettiods known in the art, for 
instance by hydrolysis or alcoholysis with a strong acid. If step d. is performed by 
alcoholysis, it is desirous to use water-free strong acids. Suitable strong acids include strong 
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organic acids such as trifluoroacetic acid, sulfonic adds such as methanesulfonic acid, 
benzenesulfonic acid or a toluene sulfonic acid, a sulfamic acid and water-free anorganic 
acids, e.g. sulphuric acid. Cleavage of the acetyl-group is usually earned out in a solvent 
which does not adversely affect the reaction. Suitable solvents include alcohols such as 
5 methanol, ethanol, propanols, butanols. The reaction is earned out at temperatures from -20 
to 30»C, preferably between -5 and +10»C. Typically an excess of anhydrous acid. e.g. from 
1.1 to 5.0 molar equivalents are used. 

In another aspect the present invention relates to a process for the production of an 
1 0 activated fomi of 2-(2-aminothiazole-4-yl)-2-acyloxyimlno acetic acid compounds comprising 
the steps of preparing a tertiary crystalline amine salt of fomnula I, e.g. in an anhydrous fonn, 
as defined above and reacting the obtained crystalline tertiary amine salt of formula I with an 
activating agent In order to obtain a 2-(2-aminothlazole-4-yl)-2-acyloxylmino acetic add 
compound in an activated fomi. 
15 A tertiary amine salt of formula I in crystalline form, preferably in an anhydrous form, e.g. 
prepared by a process as set out above, is useful for the production of an activated form of 
2-(2-aminothiazole-4-yl)-2-acylimino acetic add compounds. An activated form of 2-(2- 
aminothiazole-4-yl)-2-acylimino acetic acid compounds indudes for example an acid halide 
suph as an acid chloride, a mixed acid anhydride and a mercaptobenzothiazolyl ester or 
20 other conventional activated fonns resulting from reactions with activating agents such as 
those listed above. 

Therefore, the present invention relates in another aspect to the use of a tertiary amine salt 
of fonnula I in crystalline fomri, e.g. in an anhydrous fonii. in the preparation of an activated 
form of 2-(2-aminothiazole-4-yI)-2-acyloxyimino acetic add compounds. 

25 

A tertiary amine salt of formula I in crystalline fbmi, preferably in an anhydrous form, e.g. 
prepared by a process as set out above, is useful as an intermediate in the production of 
cefdinir. 

Therefore, the present invention relates in a further aspect to the use of a tertiary amine salt 
30 of fomiula I in crystalline form, e.g. in an anhydrous fomi, in the production of cefdinir. 

The following Examples will indicate the different aspects of the present invention and are In 
no way intended to limit the scope of the present Invention. All temperatures are given In 'C. 

35 Abbreviations: 



MeOH: Methanol 
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HMDS: 


Hexamethyldisilazane 


TMSI: 


Trimethyiiodsilane 


EtOH: 


Ethanol 


TsOH: 


Toluene sulfonic acid 


DMAc: 


DImethylacetamlde 
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Exampie 1 

(6/?,7/?)>7-rrf2Z)-f2-Ami no-4-thiazolvl)fhvdroxvlmino)acetvnammol-3^^ 
thla-1-azabicvclor4,2,01oct-2'>ene-2-carboxvnc acid fCefdinirt 

A solution of 21.1 g of 7-[2-(2-aminothiazol-4-yl)-2-(methylcarbonyloxylmino)acetamidoh^ 
vinyl-cephem-4-carboxylic acid in the form of a salt with orfhophosphoric acid in 80 mi of 
MeOH is mixed at 0^ with 3.9 ml of concentrated H2SO4, the mixture obtained is stin-ed at 
^10'* and added dropwlse to a solution of 17.5g NaHCOa in 600ml of water. The pH value of 
the mixluns obtained is adjusted to pH 5.3, 1.8 g of activated carbon are added, tlie mixture 
is stirred, and the activated carbon Is filtered off and washed with H2O. The filtrate obtained 
is heated to 25° to 30** and the pH value is adjusted to pH 3 with 2n H2SO4. (6H7/?)-7-[[(22)- 
(2-Amlno-4-thiazolyl)(hydroxy!mino)acetyi]amino]-3-ethenyl-8-oxo-5-thia-1- 
a2abicyclo[4.2.0]oct-2-ene-2-carboxyiic acid crystallises, is filtered off. washed and dried. 
Weighed product: 12.08 g. 

Example 2 

Trl-fn-butynammonlum rs wi'242'amlnothlazol'4'yl^^^ 
acetate) 

25.0g sy/7-2-(2-aminothla20l-4-yl)-2-(methylcarbonyloxyimlno)-acetic acid dihydrate (water 
content: 14.5%) are suspended in 100 ml of acetone at ambient temperature and 24.4ml of 
tri-(n-butyl)amine are added. The material dissolves and immediately begins to crystallize 
again. The mixture is cooled to -10°C and stirred at this temperature for 30 minutes. The 
cristalline material is filtered, washed with a small portion of cold acetone and dried in 
vacuum. 

Weighed product: 32.7g 
H2O: 0.1% 

'H-nmr(CDCl3) 5 0.87(t,9H,J=7.4Hz), 1.29(m,6H), 1.58(m.6H). 2.08(s.3H). 2.89(m,6H), 
8.78(s,1H), 7.55(brs,2H) 

IR(golden gate): 3431, 3109. 2959, 2873, 1750, 1608. 1375, 1227 cm"^ 
mp: 105 (decomposition) 
X-ray diffraction pattern see figure 1 
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Figure 1 : X-ray diffraction pattern of trh(n'butyl)ammonium fsy/7-2-(2-amlnathiazol-4-yl)-2- 
(methylcarbonyloxyimino)-acetate) prepared according to Example 2; 
Analytical XRD equipment: Powder X-ray diffractometer AXS-BRUKER D-8: Cu-target ( wavelength 
5 CuKa1,2 : =.15406 nm), scintillation counter, parallel beam optics, theta/theta coupled, 9 position 
sampler changer; operating conditions: 40I(V, 40mA.continuous scan 2-40" theta/2Theta; step size 
0.01 steps per second, counting time 2 seconds, room conditions; sample preparation: standard 
sample holders 




(scb) puc»9s Jdd s)unoo 
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Example 3 

rnYn>i)uM)am/won/i/ m fevn>2-f2-aminothiazol-4-vn 
acetate) 

5.0g sy/^2"(2-aminoth^azo^4-yO-2-(methylca^bonyloxy^m^no)-are^^ acid monohydrate (water 
5 content: 8.0%) is suspended In 20 ml of acetone at ambient temperature and 5.2 ml of tri-(n- 
butyOamine are added. The material partly dissolves and immediately begins to crystallize 
again. The mixture Is cooled to -lO'^C and stinred at this temperature for 60 minutes. The 
crystalline material Is filtered, washed with a small portion of cold acetone and dried In 
vacuum. 
10 Weighed product 7.2g 
H2O: 0.5% 

Other physical and spectroscopic data identical as described in example 2. 
Example 4 

15 Tri'fn'butvDammonlum few?"2-(2-aminothia2ol-4-vl)-2-(methvlcarbonvloxvlmlnoU 
acetate) 

5.0g sy/}-2-(2-amlnothiazol-4-yl)-2-(methylcarbonyloxyimino)-acetic acid dihydrate are 
dissolved in 20 ml of N,N-dimethylformamide at ambient temperature and 5.8ml tri-(n- 
butyOamine Is added. The dear solution Is cooled to 0*C and white crystals are fomied. 
20 200ml acetone are added and the resulting crystal suspension Is cooled to -10*C and stirred 
at this temperature for 60 minutes. The crystalline material is filtered, washed with a small 
portion of cold acetone and dried in vacuum. 
Weighed product 5.7g 
H2O:0.1% 

25 Other physical and spectroscopic data identical as described in example 2. 
Example 5 

rrief/>Wammonfi/mrsW"2-f2-amlnothlazol-4-vn-24methvlcarbonvloxvimi^ 

5.0g syn-2-(2-aminothiazol-4-yl)-2-(methylcarbonyloxyimino)-acetic acid dihydrate are 
30 dissolved in 20 ml of N,N-dimethylformamide at ambient temperature and 3.4ml of 

triethylamine are added. The material begins to crystallize and 200ml acetone are added. 

The mixture is cooled to 0^*0 and stirred at this temperature for 30 minutes. The crystalline 

material Is filtered, washed with a small portion of cold acetone and dried in vacuum. 

Weighed product: 5.7g 
35 H20: 0.3% 
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^H-nmr(CD30D) 8 1.30a9H,J=7.4H2), 2.19(s,3H), 3.21(q,6H.J=7.4Hz), 7.08(s,1H) 
IR(goIden gate): 3302. 3096. 2987, 1756, 1613, 1536, 1384, 1356. 1208 cm"^ 
mp: 104 **C (decomposition) 

5 Example 6 

D//sopn>oWettv/ammoff/f/mfevn>2-f2-amtnothia2oM-v^ 
acetate) 

5.0g 5>^-2-(2-aminothiazol-4-yl)-2-^methylcarbonyloxyimino)-ace^^^ acid dihydrate are 
dissolved in 20 ml of N,N-dimethylformamide at ambient temperature and 4.2ml of 
10 diisopropylethylamine are added. The material begins to crystallize and 200ml acetone are 
added. The mixture is stirred at this temperature for 60 minutes. The crystalline material is 
filtered, washed with a small portion of acetone and dried in vacuum. 
Weighed product: 6.3g 
H2O: 0.2% 

15 'H-nmr(CD30D) 8 1.35(m.15H), 2.19{s,3H). 3.20(q,2H.J=7.3Hz), 3.70(m,2H), 7.06(s,1H) 
IR(golden gate): 3244, 3111, 2986, 1752. 1613. 1541, 1387. 1363. 1218 cm'^ 
mp:110X (decomposition) 

Example 7 

20 rr/rn-ocfvf)ammonfumrsvw-2-f2-aminothiazol-4-vl>-2-<methvlcarbonvloxvim 
acBtate) 

S.Og s>7v2-(2-aminothiazol-4-yl)-2-(methylcarbonylo)cyimlno)-acetic add dihydrate are 
suspended in 100 ml of acetone at ambient temperature and 9.7ml of tri-(n-octyl)amine is 
added. The material dissolves and the mixture is cooled to -20''C for crystallisation and 
25 sUnred at this temperature. The crystalline material is filtered, washed with a small portion of 
cold acetone and dried in vacuum. 
Weighed product: 8.2g 
H2O: 0.2% 

'H-nmr(CDCl3) 5 0.82(t,9H,J=6.8Hz), 1.22(m,30H). 1.61 (m.6H), 2.09(s,3H), 2.89(m,6H), 
30 6.79(s,1H),7.55(brs,2H) 

IR{golden gate): 3427, 3100, 2924. 2855. 1757, 1612. 1365. 1216 cm"^ 
mp: 90 (decomposition) 



35 
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Example 8 

Svn-2-r2-Amlnothiazolwt>vlU2-(mQthvlcarbonvloxvimlno>>acettc add, 
mercaptobenzothiazoMester 

12.7 g crystalline anhydrous tri(n-butyl)ammonium (5yn-2-(2-aminothiazol-4-yl)-2- 
5 (methylcarbonylo)cyimino)-acetate) (water content 0.1% by weight) are dissolved at room 
temperature in 70 ml of methylene chloride and then cooled to 0*C. The solution is mixed 
with 13.2g of bis-(benzothiazol-2-yl)-dlsulphide and sHnred thoroughly for 5 minutes. In a 
period of 20 minutes, 7.3ml of triethylphosphite are dispensed in and the solution Is stin-ed 
vigorously for M hours at OX, subsequently cooled to -16'C and stirred for a further VA 
10 hours. The yellowish crystalline product is filtered, washed three times, each time with 20 ml 
cold methylene chloride, and dried over night in a vacuum at 30**C. 
Weighed product: 1 1 .2g 

'H-nmr(DMSO-de) 62.22(s. 3H). 7.36(s, 1H), 7.48(br s, 2H). 7.59(m. 2H), 8.09(m. 1H), 
8.22(m, 1H) 

15 

Example 9 

7-r2-f2-amlnothl azoM-vn-2-fmethvlcarbonvIoxvimlno)acetamidol-3-vinvl-cephem-4- 
carboxvlic acid.pa/a-toluenesulfonate 

15.0g 7-amino-3'Vinyl-3-cephem-4-cariDoxylic acid are suspended In 150ml dichloromethane 
20 and the mbclure heated to boiling. 13.6ml HMDS and lO^J TWISI are added and the mixture 
heated for 2h under reflux conditions and passing a nitrogen stream through the solution. 
The clear solution is cooled to 30''C and mixed with 30ml DMAc. 27.6g syn-2-(2- 
aminothiazol-4-yl)-2-(melhylcarix)nyloxyimlno) acetic acid -mercaptobenzthiazolylester is 
added in 1 portion and stirred for 3h at 30*C. The reaction mixture is added dropwise to a 
25 solution of 16.40g TsOH.hydrate in a mixture of 31.5ml EtOH and 7.2ml water. The product 
crystallizes out. The suspension is diluted with 360ml methylene chloride and stlnBd for 
BOmin at O^C. The crystalline product Is filtered off and washed three times, each time with 
75ml cold methylene chloride, and dried under vacuum at 30"C. 

30 Yield; 39.32g 

^H-nmr(DMSO-dej) 8 2.21(s,3H). 2.28(s,3H), 3.61&3.89(ABq, 2H,J=17.7Hz), 
5.25(d,1H.J=:4.8Hz), 5,32(d,1H.J=11.4Hz), 5.61(d,1H.J=17.5H2), 5.84(dd,1H,J==4.8&7.9Hz), 
6.92(dd,1H,J=11.1&17.4Hz), 7.12&7.48(AA*BB*m.4H), 7.22(s,1H), 10.04(d,1H.J=7.9Hz) 
Toluenesulfonic acid: 26.0% 

35 Mp: 145°C (decomposition). 
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Example 10 

7-r2»f2-^minothi azot^-vn>2-fmethvtcarbonvloxviminotecetamido1-3-vinvlK^ 
carboxvllc acid- phosphate 

21.43g 7-amino-3-viny-3l-cephem-4-carboxylic acid are suspended in 214ml 
5 dichloromethane, mixed with 15.68ml HMDS and 29jil TMSI at RT and heated for 2h under 
reflux conditions and passing a nitrogen stream through the solution. The mixture is cooled 
to BOX and 42.9ml DMAc and 39.4g syn-2-(2-aminothiazol-4-yl)-2- 
(methylcarbonyloxyimino)-acetic acid-mercaptobenzthiazolylester are added. The mixture is 
stirred for 2.0 h at 30X, cooled to 0*^0 and the reaction mixture added dropwise at 0*^0 to a 
10 solution of 7.0ml 85% phosphoric acid in 53,6ml MeOH and 1 1 .2ml water, on which a thick 
crystalline suspension is formed. The suspension is diluted with 257ml methylenechloride. 
stin-ed for 1h at 0*C and filtered. The filter cake is washed once with a mixture of 90ml 
methylenechloride and 17ml MeOH, and then twice more, each time with 107ml 
methylenechloride, followed by vacuum drying at ambient room temperature. 

15 

Yield: 42.60g 

^H-nmr(DMSO-^de) 8 2.17(s,3H). 3.59&3.88(A8q, 2H.J=17.6Hz). 5.23(d,1H,J=4.8Hz). 
5.31(d,1H,J=11.4H2X 6.60(d,1H.J=17.5Hz), 5.82(dd,1H,J=4.8&8.0Hz). 
6.9a(dd,1H,J=11.2&17.6Hz). 7.08(s.1H), 9.91{d,1H.J=8.0Hz) 
20 H3PO4: 16.9% 

Mp: 170*C (decomposition) 
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Claims 

1 . A tertiary amine salt of 2-(2-aminothiazo!e-4-yl)-2-(acyloxyimino)acetic acid in 
crystalline form of formula 



5 




wherein Ri. Rz and independently represents unsubstituted or substituted alkyi, 
cydo-alkyi or aryl, and R4 denotes acyl. 

10 2. The compound according to claim 1 wherein R,, R2 and R, each denote n-octyl. n- 
butyl, phenyl or ethyl, or wherein Ri and Ra each denote iso-propyl and Ra denotes 
ethyl. 

3. The compound according to daim 1 or daim 2 in an anhydrous fbrni. 

15 

4. The compound according to claim 3 with a water content of below 1 %(wAw), 

5. The compound according to any one of claims 1 to 4 wherein R4 is acetyl. 

20 6. A process for the preparation of a crystalline tertiary amine salt of formula I as defined 
in claim 1 comprising the step of bringing an amine of formula 

.N-R, II 

wherein Ri, Rz and R3 are as d^ned in claim 1, 
25 Into contact with a suspension or solution of a 2-(2-aminothlazole-4-yl)-2- 

(acyloxylmlno)acetic acid compound in a solvent to obtain an amine salt of fomiula I in 
crystalline form. 
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7. The process according to claim 6 wherein a 2-(2-aminothia2ole-4-yl)-2- 
{acylimino)acetic acid compound in the form of a hydrate is dissolved or suspended 
l:>efore it is contacted with the amine of formula 11. 

8. A process for the production of cefdinir comprising the steps 

a. preparing a tertiary amine salt of formula I in crystalline form as defined in 
any one of claims 1 to 5, 

b. reacting the crystalline amine salt obtained from step a. with an activating 
agent to obtain 2-(2-amlnothia2ole-4-yl)-2-acylxyimino acetic acid in an 
activated form. 

c. reacting the activated 2-{2-aminothiazole-4-yl)-2-acyloxylmlno acetic acid 
obtained from step b. vwth 7-amino-a-vinyl-3-cephem-4-carboxylic acid to 
obtain a 7-[2-(2-amjnothiazole-4-yl)-2-(acyloxyimino)-acetylamino]-3-vinyl-3- 
cephem-4-carboxyllc acid, and 

d. splitting off the acyl-group at the Imino group from a compound as obtained 
in step c. to obtain cefdinir. 

9. The process according to claim 8 wherein the activated fomi of a 2-(2-aminothiazole-4- 
yl)-2-acyloxyimino acetic acid compound is a mercaptobenzothiazolylester, an acid 
halogenide or a mixed acid anhydride. 

10. A process for the production of an activated form of a 2-(2-aminothia2ole-4-yl)-2- 
acyloxyimino acetic acid compound wherein a tertiary amine salt of formula I as 
defined in any one of claims 1 to 5 is prepared and then reacted with an activating 
agent 

1 1 . Use of a terfiary amine salt of fomnula I in crystalline fomn as defined in any one of 
claims 1 to 5 in the production of an activated form of a 2-(2-aminothiazoIe-4-yl)-2- 
acylimlno acetic acid compound. 

12. Use of a tertiary amine salt of formula 1 in crystalline fomn as defined in any one of 
claims 1 to 5 In the production of cefdinir 
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